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(54) METHOD OF AND APPARATUS FOR CONTROLLING DIRECTION OF OBJECT 



(57) A direction control method and apparatus which 
controls the direction of a traveling object on a monitor, 
for example, in a video game device. An object having, 
for example, two elements to be directionally controlled 
with each of the elements being controllable in a rota- 
tional direction is displayed along with its background in 
a traveling state on a monitor. The object includes, for 
example, a war tank (31) used in a war game of a game 
device. The two elements to be directionally controlled 
includes a body (32) and a sight (33) of the tank (31). A 
target angle 6 is designated by a single direction input 
unit 20(A) for the vehicle body (32) and the sight (33). 
The rotational direction of the sight (33) is controlled on 
the basis of the target angle 6. The rotational angle of 
the vehicle body (32) is controlled following the sight (33) 
on the basis of the traveling velocity of the tank (31) and 
the rotational angle Ya of the sight (33). 
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Description 

Technical Field 

The present invention relates to a direction control s 
method and apparatus for controlling the direction of an 
object on a monitor of each of a home and an arcade 
video game device, and more particularly to a direction 
control method and apparatus which is applied to a game 
device which has an input unit by which the player des- 10 
ignates the direction of an object. 

Background Art 

Video game devices are classified roughly into 15 
home and arcade ones in accordance with use. The 
home video game devices generally have a game device 
body and a controller such as a joy pad each with the 
game device body being connected, for example, to a 
home video monitor. When a cassette ROM is inserted 20 
into the game device body and a start button is 
depressed, a game program stored in the cassette ROM 
is read by the game device body. When the player manip- 
ulates the controller to give an operational signal to the 
game device body, the game program starts up in the 25 
game device body to produce a video signal and an 
audio signal, which are delivered to the video monitor 
and displayed as an image and outputted as a sound, 
respectively. 

Many arcade video game devices have a cockpit- 30 
like housing in which the game device body containing 
game programs and a large display screen are provided. 
A manipulation seat on which the player sits is provided 
facing the display. The player views a game screen while 
playing the game by operating the control unit such as a 35 
steering-type input unit provided at the player's seat. 

The direction of a traveler or vehicle (a travelable 
character) displayed on the video monitor or display is 
controlled by the player's operation of the joy pad and/or 
steering-type input unit in the video game device. There 40 
are various travelers. Some travelers are required to be 
controlled in two directions as the case may be. For 
example, some games have a war tank as a traveler. In 
this case, the two directions are the traveling direction of 
the tank itself and the direction of sight of a canon 45 
mounted on the tank. When the directions of the tank, as 
well as the sight of the canon , are controlled, two steering 
elements are required; a regular steering element and a 
second steering element for sight control. Alternatively, 
both a direction key and a steering element are provided so 
and operated. 

In many cases, the home video game devices have 
only a joy pad as a control unit. Thus, in many cases, the 
joy pad and a steering element are used in combination. 
When the steering element is manipulated while 55 
depressing a button switch on the joy pad, the direction 
of canon sight is controlled, whilst when only the steering 
element is manipulated, the direction of the tank itself is 
controlled. 
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However, when the two devices are provided sepa- 
rately to control the two directions of the same traveler, 
the whole control unit of the game device becomes large- 
scale and complicated. Since the player is required to 
operate the two devices simultaneously or in parallel, the 
manipulation itself becomes complicated and the direc- 
tion control which the player is intended to provide cannot 
be provided timely as the case may be, so much so that 
the complicated direction control can reduce the player's 
interest in the game itself. 

DISCLOSURE OF THE INVENTION 

It is a main object of the present invention to provide 
a direction control method and apparatus which simpli- 
fies the player's operation for direction control in a game 
which requires control of a plurality of directions in the 
same traveler. 

Another main object of the present invention is to 
provide a direction control method and apparatus which 
simplifies the player's operation for direction control in a 
game which requires control of a plurality of directions in 
the same traveler, and avoiding the control unit of the 
game device being large-scale and complicated. 

One of specified objects of the present invention is 
to provide a direction control method and apparatus 
which when traveling or moving, the direction of a traveler 
or vehicle in a game such as a war tank and the sight 
direction of a canon mounted on the tank is controlled in 
parallel, the invention simplifies the player's operation for 
direction control. 

In order to achieve the above objects, the present 
invention provides an object direction control method of 
displaying on a monitor an object having a plurality of 
direction control elements each of which is controllable 
in a rotational direction, along with a background in a 
moving state, comprising the steps of designating a tar- 
get angle for the plurality of direction control elements, 
controlling the rotational angle of any particular one of 
the plurality of direction control elements on the basis of 
the target angle, and controlling the rotational angle(s) 
of the remaining direction control element(s) so as to fol- 
low up the particular direction control element. 

The number of direction control elements is two. The 
object comprises, for example, a war tank used in a tank 
game of a game device, and the two direction elements 
to be controlled comprise the body and sight of the tank. 
Preferably, the particular element to bedirectionally con- 
trolled comprises the sight, and the remaining element 
to be directionaliy controlled comprises the body of the 
tank. 

For example, the particular element to be direction- 
ally controlled is rotated at a given velocity in accordance 
with the target angle. Preferably, a new rotational angle 
Ya of the particular element to be directionaliy controlled 
is given by 

Ya = Yb + Ka ■ e 
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where 6 is the target angle, Yb is the current rotational 
angle of the particular element to be directionally con- 
trolled, and Ka is a constant. 

For example, the remaining element(s) to be direc- 
tionally controlled are rotated depending on the moving s 
velocity of the object and the rotational angle of the par- 
ticular element to be directionally controlled. Preferably, 
a new rotational angle Za of the remaining element(s) to 
be directionally controlled is given by 

10 

Zo = Ya 

Za = Zb + Kb • V • (Zo - Zb) 

where Zo is the target rotational angle of the remaining 75 
element(s) to be directionally controlled, Ya is the rota- 
tional angle of the particular element to be directionally 
controlled, Zb is the current rotational angle of the 
remaining element(s) to be directionally controlled, Kb is 
a constant, and V is the moving velocity of the object. 20 

Further, preferably, the given velocity of rotation of 
the particular element to be directionally controlled is 
slightly higher than the maximum rotational follow-up 
velocity of the remaining elements) directionally control- 
led. 25 

The present invention provides an object direction 
control apparatus for displaying on a monitor an object 
having a plurality of direction control elements each of 
which is controllable in a rotational direction, along with 
a background in a moving state, comprising target angle 30 
designating means for designating a target angle for the 
plurality of direction control elements, first direction con- 
trol means for controlling the rotational direction of any 
particular one of the plurality of direction control ele- 
ments on the basis of the target angle, and second direc- 35 
tion control means for controlling the rotational directions 
of the remaining direction control element(s) by following 
up the particular direction control element. 

For example, the number of direction control ele- 
ments is two. The object is a war tank used in a tank 40 
game in a game device. The two elements to be direc- 
tionally controlled comprise the body and sight of the 
tank. The target angle designating means comprises a 
single direction input unit for manually inputting direction 
data on a target angle. 45 

Thus, for example, the rotational direction of the 
sight in the tank game is controlled by input information 
from a single direction input unit and the rotational direc- 
tion of the vehicle is controlled following up the canon 
sight. Thus, the control unit is required only to have, for so 
example, a sight steering element (direction input unit). 
Thus, the operation is simplified and the player has an 
increased margin for sufficiently enjoying a game played 
using the present invention. With the present invention, 
the structure of the control unit is simplified, and the 55 
whole device is reduced in size and simplified. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of one embodiment of 
a game device to which an object direction control 
method and apparatus according to the present 
invention is applied; 

FIG. 2 schematically shows a war tank as an object; 
FIG. 3 is a block diagram of an electric system of the 
embodiment; 

FIG. 4 is a block diagram of an electric system which 
includes a functional block structure of a central 
processing unit and its peripheral circuits; 
FIG. 5 is a flow chart which indicates the outline of 
a process which mainly provides the direction con- 
trol of the central processing unit; 
FIG. 6 illustrates the relationship between the 
traveling velocity of a tank, and the sight and the 
rotational velocity of the tank body; 
FIGS. 7A-7C illustrate the positional relationship 
between a virtual camera and a tank; 
FIG. 8 illustrates the visual field of a virtual camera 
and the travelling direction of a tank; 
FIG. 9 illustrates a video monitor screen; 
FIG. 1 0 illustrates vectors indicative of the rotational 
situation of the sight and tank body in time series 
when the tank travels at low velocity; and 
FIG. 1 1 illustrates vectors indicative of the rotational 
situation of the canon sight and tank body in time 
series when the tank travels at the highest velocity. 

PREFERRED EMBODIMENTS OF THE INVENTION 

One embodiment of the present invention will be 
described next with reference to the drawings. 

FIG. 1 shows the appearance of an arcade video 
game device of this embodiment. The game device 
includes a functionally mounted object direction control 
method and apparatus according to the present inven- 
tion. 

The game device of FIG. 1 has a housing 1 which 
forms a cockpit. The housing 1 has a bottom 1A and a 
front 1B which continues to one end of the base 1A so 
as to be perpendicular to the base. The bottom 1 A has 
a player's manipulation seat 2 on which the player sits to 
manipulate the game device. The front 1 B has a game 
device body 10 therein. Provided at the player's seat 2 
are a control unit 20 which includes a steering element 
20A, an accelerator 20B, and a view change switch 20C; 
a video monitor 30 and a speaker 40 on the upper front. 

The game device handles a tank game. The steering 
element 20 A is the only control unit which gives direction 
data to the game device. The tank game handles the tank 
as a traveling or moving display object (vehicle) . The tank 
31 can be expressed schematically, as shown in FIG. 2, 
and has a body 32 and a canon sight 33. 

The electric block diagram of the game device is 
shown in FIG. 3. The game device body 10 includes a 
central processing unit (CPU) 101, an auxiliary proces- 
sor 102, a program/data ROM 103, a data RAM 104, a 
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backup RAM 105, an input interface 106, a dip switch 
107, a sound device 108, a power amplifier 109, a poly- 
gon parameter memory 1 10, a coordinate converter 1 1 1 
called a geometrizer, a polygon data memory 1 1 2, a pol- 
ygon paint unit 113 called a rendering unit, and a frame 5 
memory 114. 

The central processing unit (CPU) 101 is connected 
through a bus line to the auxiliary processor 102, pro- 
gram/data ROM 103, data RAM 104, backup RAM 105, 
input interface 106, sound unit 1 08, and polygon param- 10 
eter memory 1 10. The input interface 106 is connected 
to the control unit 20 and the dip switch 107. The CPU 
101 reads data on a game program contained before- 
hand in the program/data ROM 103 in cooperation with 
the auxiliary processor 1 02 to execute the program. The is 
game program contains the control of the position, direc- 
tion and angle of a tank as an object displayed on the 
video monitor 30 and control of the position and angle of 
a virtual camera which determines the visual field of the 
display screen. The outline of the control is shown in FIG. 20 
5. 

The virtual camera can be compared to a regular 
camera in terms of a viewpoint and an image angle used 
when computer graphics are delineated. The setting of 
the virtual camera is performed by designating the posi- 25 
tion, optical axis direction (the direction of the lens), an 
image angle (zoom-wide), and a twist (a rotational angle 
around the optical axis). In other words, the virtual cam- 
era is a virtually set viewpoint. The virtual camera is 
understood as a virtual visual field direction determining 30 
means for determining the visual field direction of an 
image displayed on the video monitor. An object (figure) 
which has been modeling-converted from a body coor- 
dinate system inherent in the figure to a world coordinate 
system which defines the disposition of the figure 35 
(object) in a three-dimensional space is converted in vis- 
ual field to a visual field coordinate system defined by 
(the position and angle of) the virtual camera and the 
resulting object figure is then displayed on the monitor 
30- 40 

The sound device 108 is connected through the 
power amplifier 1 09 to the speaker 40. An acoustic signal 
produced by the sound device 108 is amplified by the 
amplifier 109 and delivered to the speaker 40. 

A read terminal of the polygon parameter memory 45 

1 10 is connected to a coordinate conversion unit 1 1 1 to 
which polygon parameters in the memory 1 10 are deliv- 
ered. The coordinate conversion unit 1 1 1 is connected 
to a polygon data memory 1 12 so as to receive polygon 
data from the memory 112. The coordinate converter so 

111 converts three-dimensional polygon coordinate val- 
ues to be displayed in two-dimensional perspective coor- 
dinate values on the basis of given polygon parameters 
and polygon data. The output of the coordinate converter 

1 1 1 is connected to the polygon paint unit 1 13 such that ss 
the polygon data which has been converted so as to have 
the perspective coordinates is delivered to the polygon 
paint unit 113, which paints received polygons with tex- 
ture data stored in the frame memory 1 1 4 to form image 



data. The output of the polygon paint unit 113 is con- 
nected to the video monitor 30 on which the image data 
formed by the paint unit 1 13 is displayed. 

An accelerator 20B of the control unit 20 outputs an 
electric signal indicative of an accelerator opening A 
which is reflected by a traveling velocity V of the object 
on the video monitor 30 in response to the player's oper- 
ation. Similarly, the steering element 20A outputs an 
electric signal indicative of a direction 6 in which the 
actions of the object are reflected. The steering element 
20A composes object angle designating means in the 
present invention. The view change switch 20C is a 
switch with which the player designates the position of 
the virtual camera which determines the visual field of 
an image displayed on the video monitor 30. 

FIG. 4 shows a block diagram of a part of the func- 
tions of the CPU 101 and its peripheral circuits (sur- 
rounded by a dot-dashed line) of FIG. 3. The CPU 101 
and its peripheral circuit performs the processing of FIG. 
5 to be described later to functionally realize a player 
position angle calculation system 1 21 , a camera position 
angle calculation system 131, and an n-object position 
angle calculation system. The player position angle cal- 
culation system 121 functionally includes a traveler or 
vehicle velocity calculation means 122, sight direction 
control means 123, and a traveler or vehicle follow-up 
data creation means 1 24. 

The processing of FIG. 5 which the CPU 101 per- 
forms in cooperation with the auxiliary processor 1 02 will 
be described next. This process is performed, for exam- 
ple, on a timer interrupt basis at predetermined intervals 
of At. 

First, an accelerator opening A from the accelerator 
20B is read (step 201). From an opening degree A of the 
accelerator, a traveling velocity V of the tank 31 as an 
object is calculated on the basis, for example, of table 
lookup (step 202). 

A signal indicative of the steering angle 6 of the 
steering element 20A is read (step 203), and a sight 
angle Ya used to control the sight direction is calculated 
on the basis of the steering angle 6 as follows (step 204) : 



Ya = Yb + Ka ■ 6 



(1) 



where Yb is the current sight angle 33. Ka is a constant 
to rotate the sight 33 at a given velocity a, which will be 
described with reference to FIG. 5. As shown in FIG. 6, 
set beforehand in the program/data ROM 103 is a table 
which has beforehand stored data on the relationship 
expressed by a straight line 5 between the traveling 
velocity V of the tank 31 (horizontal axis) and the rota- 
tional velocity Vr of the tank 31 or its body 32 (vertical 
axis). As will be described later, the linear line 6 is used 
to determine a rotational velocity Vr from a traveling or 
moving velocity V and defines a proportional state from 
the traveling moving velocity V = 0 (at this time, the rota- 
tional velocity Vr = 0) to the highest traveling velocity 
V = Vmax (at this time, the highest rotational velocity 
Vr = Vrmax ). In FIG. 6, the predetermined velocity a is 
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always set at a predetermined velocity slightly higher 
than the highest rotational velocity Vrmax irrespective of 
the traveling velocity V. 

As described above, when a sight angle Ya is calcu- 
lated which rotates at the predetermined velocity by an s 
angle depending on the steering angle e, the current 
value Yb is updated with the new calculated value Ya for 
the next time operation (step 205). 

The CPU 101 then sets the calculated sight angle 
Ya as a target rotation direction Zo of the tank 3 1 to create 
object follow-up data (step 206) and calculates the rota- 
tional angle Za of the tank 31 (step 207) as follows: 

Za = Zb+Kb ■ V ■ (Zo-Zb) (2) 

where V is the traveling velocity of the tank 31 , Zb is the 
current traveling direction of the tank, and Kb = y/Vmax 
(constant)(0 < y 1 ) where Vmax is the highest traveling 
velocity of the tank 31 . 

The second term "Kb * V" of expression (2) is 
expressed by the straight line 6 (= Kb ■ V) of FIG. 5. 
When the traveling velocity V of the tank 31 is low, for 
example, V = Vs , the rotational velocity Vr becomes a 
low velocity Vr = Vrs in accordance with the straight line 
6. When the traveling velocity V of the tank 3 1 is medium, 
for example, Vr = Vmd , the rotational velocity Vr also 
becomes a medium velocity Vr = Vrmd . When the 
traveling velocity V of the tank 31 is the highest one 
V = Vmax , the rotational velocity Vr becomes the high- 
est velocity Vrmax, which is slightly lower than the rota- 
tional velocity a of the sight 32. 

As described above, when a new rotational angle Za 
of the tank 31 is determined, this rotational angle Za is 
set in place of the current rotational angle Zb for creation 
of the next-time follow-up data (step 208). 

The CPU 101 then reads information about the oper- 
ation of the view change switch 20C designed by the 
player other than the accelerator opening A, and the 
steering angle 6 (step 209). 

Among the information about the operation, already 
processed switch information from the view change 
switch 20C and the steering angle 6 of the steering ele- 
ment 20A, as described above, is used to calculate the 
position and angle of the virtual camera. More specifi- 
cally, the camera position and angle (direction) optimal 
for display on the video monitor 30 are calculated on the 
basis of the calculated latest sight angle Ya, vehicle body 
rotational angle Za and the information about the oper- 
ation (step 2 1 0). The position and direction of the camera 
are conditions which define an image displayed on the 
monitor in the world of a game constructed three-dimen- 
sionally. Switch information from the view change switch 
20C changes the positional relationship between the 
tank 31 and the camera. More specifically, it changes the 
position (distance) and angle of elevation of the tank 31 
relative to the camera. 

For example, it is determined whether a camera 1 30 
is disposed directly above the tank 31 , as shown in FIG. 
7A. whether the camera 1 30 is disposed obliquely above 



and behind the tank 31 , as shown in FIG. 7B, or whether 
the camera 130 is disposed high in the sky behind the 
tank31 , as shown in FIG. 7C. In the case of the positional 
relationship of FIG. 7A, the image pick up range PR of 
the camera 130 is present in the travel direction of the 
tank 31, which aligns with the center line of the image 
pick-up range PR of the camera 130, as shown in FIG. 
8. An eye (the left and right directions of the viewpoint) 
is determined, which rotates around an axis normal to 
the ground surface, in accordance with the angle Ya of 
the sight 33 determined on the basis of the steering 
angle. An image in front of the tank 31 in the eye direction 
defined by the position and angle of the camera, thus 
determined, is displayed on the video monitor 30 (FIG. 
9). 

The position and angle of an object optimal for dis- 
play on the video monitor 30 are selected on the basis 
of the latest sight angle Ya, vehicle body rotational angle 
Za and other operation information (step 21 1). Since a 
plurality of (n) objects such as an enemy tank, a player's 
tank, a background and the sky is prepared beforehand, 
appropriate objects which fall in the visual field of the 
camera are selected from among the n objects. 

Polygon parameters used for display on the basis of 
the various results of the calculations obtained as men- 
tioned above, are calculated. The polygon parameters 
are delivered along with information about the designa- 
tion of polygons used for display to the polygon param- 
eter memory 110 (steps 212, 213). That is, information 
about coordinate conversion (movement, rotation, 
enlargement, reduction, etc.) and display/non-display of 
the respective objects is stored in the polygon parameter 
memory 110. 

The processing of FIG. 5 composes f irst and second 
direction control means of the present invention. Steps 
201-208 of the processing functionally compose the 
player position angle calculation system 121 . The steps 
201 and 202 correspond to the vehicle velocity calcula- 
tion means 122. Steps 203-205 correspond to the sight 
direction control means 123. Steps 206-208 corre- 
sponds to the vehicle follow-up data creation means 1 24. 
Steps 210 and 21 1 functionally realize the essential por- 
tions of the camera position angle calculation system 
131 and the essential portion of the n-object position 
angle calculation system, respectively. 

The coordinate converter (geometrizer) 111 reads 
information stored in the polygon parameter memory 
110 and performs coordinate conversion involving a 
matrix operation on objects stored in the polygon data 
memory 112 on the basis of the read information to 
thereby provide display data, which is then delivered to 
the polygon paint unit 113 where the display data is 
coated with texture data stored in the frame memory 114. 
The display data expressed very realistically by that tex- 
ture mapping is then delivered to the video monitor 30 
and various objects including the tank 31 are displayed 
in the background BK on a real-time basis, as shown in 
FIG. 9. 
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Subsequently, an illustrative specified operation of 
the device will be described next. 

Assume now that the step-down quantity of the 
accelerator 20B by the player is small and the accelerator 
opening A is small. The accelerator opening A is deliv- 5 
ered to the CPU 101 through the input interface 106. The 
CPU 101 calculates the traveling velocity V of the tank 
31 on the basis of the accelerator opening A. If the steer- 
ing element 20A has not been operated, a polygon 
parameter corresponding to the traveling velocity V is 10 
calculated. Thus, the tank 31 and its background BK 
appear to change at a slow velocity V relative to each 
other on the display screen of the monitor 30 and the 
tank 31 appears to travel at the relative velocity V. 

Assume now that during the travel of the tank the is 
player tries to turn the steering element 20A through a 
desired angle 0 (in this example, 90 degrees). This steer- 
ing angle 6 is read through the input interface 1 06 by the 
CPU 101, which calculates a sight angle Ya through 
which the sight 32 is rotated in the steering direction of 20 
the steering element in units of a small increment of the 
changing steering angle of the moment at the given 
velocity a (FIG. 6), using the expression (1). The sight 
angle Ya is handled as a target rotational angle Z c and 
a rotational angle Za is calculated which rotates the tank 25 
body 32 while following the sight 33. In this calculation, 
the rotational angle Za is calculated as an angle smaller 
by a coefficient "Kb • V" of the expression (2) than the 
sight angle Ya. In this case, since the traveling velocity 
V is low, the value of the coefficient "Kv ■ V" is small, so 30 
that data on the rotational angle Za of the vehicle body 
32 is delayed greatly compared to the sight angle Ya. 

This situation is schematically shown in FIGS. 10 
(1)-(7). More specifically, as the time elapses from t1 to 
t7, the sight 33 changes, for example, in order of 0 35 
degrees (initially, time tl), 30 degrees (time t2), 60 
degrees (time t3), and 90 degrees (after time t4) in cor- 
respondence to the respective time-dependent changes 
of the steering angle 6 through 90 degrees. Parallel with 
this, the rotation (direction) of the vehicle body 32 40 
changes or is gradually delayed relative to the sight 
angle, for example, in order of 0 degrees (time tl) (in this 
case, the rotational angles of the vehicle body and sight 
angle are the same (0 degrees)), 15 degrees (time t2) t 
30 degrees (time t3), 45 degrees (time t4), 60 degrees 45 
(time t5). 75 degrees (time t6), and 90 degrees (time t7). 
That is, when the tank 31 travels at a low velocity, the 
quantity of delay is comparatively large. 

In contrast, assume now that a step-down quantity 
of the accelerator 20B applied by the player is large, for so 
example, the accelerator opening A is maximum. The 
accelerator opening A is read by the CPU 101, as 
described above, and the traveling velocity V = Vmax of 
the tank 31 is calculated. Assume now that the steering 
element 20A has not been operated. In this case, poly- 55 
gon parameters corresponding to the traveling velocity 
Vmax is calculated, so that the tank 31 and the back- 
ground BK appear to change at high velocity V = Vmax 
relative to each other on the display screen of the monitor 



30, and the tank 31 appears to move at the highest veloc- 
ity Vmax. 

Assume now that during the travel of the tank the 
player tries to turn the steering element 20A through a 
desired angle 6 (in this example, 90 degrees). This steer- 
ing angle 6 is read by the CPU 101, which calculates a 
sight angle Ya through which the sight 32 is rotated in 
the steering direction of the steering element in units of 
a small increment of the changing steering angle of the 
moment at the given velocity a (FIG. 6), using the expres- 
sion (1). The sight angle Ya is handled as a target rota- 
tional angle Z 0 and a rotational angle Za is calculated 
through which the tank body 32 is rotated follows the 
sight 33. In addition, by handling the sight angle Ya as a 
target rotational angle Zo, a rotational angle Za is calcu- 
lated through which the tank body 32 is rotated while fol- 
lowing up the sight 39. In this calculation, the rotational 
angle Za is calculated as an angle smaller by a coeffi- 
cient "Kb • V" of the expression (2) than the sight angle 
Ya. In this case, since the traveling velocity V is high, and 
the value of the coefficient "Kv • V" is also large, and the 
rotational velocity of the tank body 32 controlled so as to 
be substantially the same as the predetermined rota- 
tional velocity a of the sight 32, data on the rotational 
angle Za of the tankbody 32 is delayed slightly compared 
to the sight angle Ya. 

This situation is schematically shown as an example 
in FIGS. 1 1 (1)-(5). More specifically, as the time elapses 
from tl 1 to t15, the sight 33 changes, for example, in 
order of 0 degrees (initially, time t1 1), 30 degrees (time 
t12), 60 degrees (time t13), and 90 degrees (after time 
t1 4) in correspondence to the respective time-dependent 
phases of the steering angle 0 increasing until 90 
degrees. In parallel with this, the rotation (direction) of 
the vehicle body 32 also changes, for example, in order 
of 0 degrees (initially, time t1 1), 29 degrees (time t12), 
58 degrees (time tl 3), 87 degrees (time t1 4), 90 degrees 
(time t1 5). That is, when the tank 31 travels at increasing 
velocity, the tank body 32 rotates while following up the 
sight angle substantially on a real time basis and hence 
the quantity of delay is reduced. Especially, when the 
tank is the highest velocity V = Vmax , the tank body 32 
rotates at substantially the same velocity as the sight 33. 

As will be seen from the illustration of FIGS. 10 and 
1 1 , when the steering element 20A of the control unit 20 
is operated, and when the traveling velocity V of the tank 
31 is relatively low (for example, V = Vs in FIG. 6), the 
rotational velocity Vr of the vehicle body 32 is low. Thus, 
the vehicle body 32 follows up the rotation of the sight 
33 in a considerably delayed manner. When the traveling 
velocity V of the tank 31 is medium (for example, 
V = Vmd in FIG. 6), the rotational velocity Vr of the vehi- 
cle body 32 takes a medium value. Thus, the vehicle 
body 32 rotates following the sight 33 with a medium 
delay, which decreases as the tank 33 travels at increas- 
ing velocity. When V = Vmax , both rotates at substan- 
tially the same velocity, as shown in FIG. 1 1 . 

As described above, in response to the steering 
operation of the steering element, both the sight 33 and 
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the vehicle body 32 rotate through an angle depending 
on the steering angle a The vehicle body 32 follows the 
sight 33 with a quantity of delay depending on the 
traveling velocity V. The rotation of the sight 33 has pri- 
ority, so that the player is only required to perform the 5 
steering operation by being conscious of the rotational 
direction of the sight 33. Thus, manipulation of the two 
steering elements, the operation of which was required 
conventionally, is not required now, so that control of the 
direction of the objects is greatly simplified and the player w 
has an increased margin for enjoying the game. Since 
the number of steering elements is reduced compared 
to the conventional system, cost reduction is achieved 
by reducing the number of components and the control 
unit of the game device is prevented from being large- 75 
scale or complicated. 

Since in the present embodiment the sight 33 is con- 
trolled preferentially in response to the steering opera- 
tion, there is no hindrance to the game's operations on 
control of the sight 33 such as, for example, firing a bullet 20 
from a canon. Because of such preferential control, the 
steering angle, the position of the sight 33 and an image 
(that is, the visual field of a virtual camera) displayed on 
the monitor 30 are always in phase with each other, 
which is convenient for the tank game. 25 

While the embodiment has been illustrated as the 
arcade video game device, the direction control method 
and apparatus according to the present invention is also 
applicable advantageously to the home video game 
devices. While in the conventional home game devices 30 
two direction control elements, that is, the joy pad and 
steering element, have been required to be provided and 
combined in manipulation, according to the present 
invention, only one direction control unit, for example, 
one kind of joy pad is required to be operated. Thus, 35 
operation is easy, and the game device is simplified and 
reduced in size. 

While in the embodiment the tank has been illus- 
trated as the object which requires control of a plurality 
of directions, the object need not necessarily be limited 40 
to a tank. Other movable objects such as, for example, 
battleships, fighters, etc., may be used, of course. 

While in the embodiment the sight of the two direc- 
tion control elements, that is, the vehicle body and sight, 
of the tank as the traveling object is preferentially con- as 
trolled and the vehicle body is controlled so as to follow 
up the sight, the rotation of the vehicle body may be first 
controlled and the sight may follow up the movement of 
the vehicle body. If the content of the battle game of the 
tank lays emphasis on the travel of the vehicle body so 
rather than the free use of the sight, control which real- 
izes this concept can increase payability as the case 
may be. 

Claims 55 

1. An object direction control method of displaying on 
a monitor an object having a plurality of direction 
control elements each of which is controllable in 



rotational direction, along wfth a background in a 
moving state, comprising the steps of designating a 
target angle for the plurality of direction control ele- 
ments, controlling the rotational angle of any partic- 
ular one of the plurality of direction control elements 
on the basis of the target angle, and controlling the 
rotational angles of the remaining direction control 
element(s) so as to follow up the particular direction 
control element. 

2. An object direction control method according to 
Claim 1 , wherein the number direction control ele- 
ments is two. 

3. An object direction control method according to 
Claim 2, wherein the object comprises a war tank 
used in a tank game of a game device, and the two 
elements to be directionally controlled comprise the 
body and sight of the tank. 

4. An object direction control method according to 
Claim 3. wherein the particular element to be direc- 
tionally controlled comprises the sight, and the 
remaining element to be controlled in direction com- 
prises the body of the tank. 

5. An object direction control method according to 
Claim 1 , wherein the particular element to be direc- 
tionally controlled is rotated at a given velocity in 
accordance with the target angle. 

6. An object direction control method according to 
Claim 5, wherein a new rotational angle Ya of the 
particular element to be controlled in direction is 
given by 

Ya = Yb + Ka • 6 

where e is the target angle, Yb is the current rota- 
tional angle of the particular element to be direction- 
ally controlled, and Ka is a constant. 

7. An object direction control method according to 
Claim 5, wherein the remaining element(s) to be 
directionally controlled is rotated depending on the 
moving velocity of the object and the rotational angle 
of the particular element to be directionally control- 
led. 

8. An object direction control method according to 
Claim 7, wherein a new rotational angle Za of the 
remaining element(s) to be directionally controlled 
is given by 

Zo = Ya 
Za = Zb + Kb * V ■ (Zo - Zb) 
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where Zo is the target rotational angle of the remain- 
ing element(s) to be directionally controlled, Ya is the 
rotational angle of the particular element to be direc- 
tionally controlled, 2b is the current rotational angle 
of the remaining elemerrt(s) to be directionally con- 5 
trolled, Kb is a constant, and V is the moving velocity 
of the object 

9- An object direction control method according to 
Claim 8, wherein the given velocity of rotation of the 10 
particular element to be directionally controlled is 
slightly higher than the maximum rotational follow- 
up velocity of the remaining element(s) directionally 
controlled. 

15 

10. An object direction control apparatus for displaying 
on a monitor an object having a plurality of direction 
control elements each of which is controllable in 
rotational direction, along with a background in a 
moving state, comprising target angle designating 20 
means for designating a target angle for the plurality 

of direction control elements, first direction control 
means for controlling the rotational direction of any 
particular one of the plurality of direction control ele- 
ments on the basis of the target angle, and second 25 
direction control means for controlling the rotational 
directions of the remaining direction control ele- 
ments) by following up the particular direction con- 
trol element. 

30 

11. An object direction control apparatus according to 
Claim 10, wherein the number of the plurality of 
direction control elements is 2, wherein the object is 
a war tank used in a tank game in a game device, 
and wherein the two elements to be directionally 35 
controlled comprise the body and sight of the tank. 

1 2. An object direction control device according to Claim 

11, wherein said target angle designating means 
comprises a single direction input unit for manually 40 
inputting direction data on a target angle. 

1 3. An object direction control device according to Claim 

12, wherein the first direction control means com- 
prises means for rotating the particular element 45 
directionally controlled at a given velocity in accord- 
ance with the target angle, and means for calculating 

a new rotational angle Ya of the particular element 
to be directionally controlled, given by 

50 

Ya = Yb + Ka • 6 



ment(s) to be directionally controlled in accordance 
with the moving velocity of the object and the rota- 
tional angle of the particular element to be direction- 
ally controlled, and means for calculating a new 
rotational angle Za of the remaining element(s) to 
be directionally controlled by 

Zo = Ya 

Za = Zb + Kb ■ V ■ (Zo - Zb) 

where Zo is the target rotational angle of the remain- 
ing element(s) to be directionally controlled, Ya is the 
rotational angle of the particular element to be direc- 
tionally controlled, Zb is the current rotational angle 
of the remaining element(s) to be directionally con- 
trolled, Kb is a constant, and V is the moving velocity 
of the object. 



where e is the target angle, Yb is the current rota- 
tional angle of the particular element to be direction- 
ally controlled, and Ka is a constant. 

1 4. An object direction control device according to Claim 
13, wherein the second direction control means 
comprises means for rotating the remaining ele- 
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